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Certain Theoretical Frerequisites on the Construction of Metale
Like Refractories

by
G. V., Samsomov and ¥V, S, Neshpor

, In this report are discussed the prinsipal possibilities of preparing hecat res-
:1stant alloys, It is pointed out in particular, that for effective utilizatiom of
metal-like cmpumdk inv ‘rc.:aie“ of refractory materials is necessary to obtain canpounds
;:ossessing n.ot too high farces of interatadoc reaction and at the same time a very
creat mass of the structural oaaplex, which will increase the ability of these substan~-
ces toward relaxatiocn of elastic stresses, reduce their brittlex;ass and increase ye.
3ltl‘iulu to thermal impact,

The contimiously growing requirements set forth for refractories for all their
Parapeters « strongth at hich temperatures, resistance against thermal impact, core
rosion and erosion stability, prompt the necessity of thoroughly examining solid high
melting substances, wiaich appear to, in particular,metal like carbides, nitrides,bo-
rides and silicides|Ts |

The clearest basic principles of creating heat resistant fusions have been formu-
.lated by academician A.A.Bochv‘arY_Zl. It classifies possible methods of increasing
" the strength of metals and alloys. at high temperatures into the following four groupsj

Lmnethod of distorting the crystallinc lattice at mechanical deformation at low
temperaturesy 2) by forming solid solutions; 3) during the formation of a highly dis-
persion mizture of phases; L) ‘upon the introducticn into the alloy of camponents,
fofmiﬁg a nmore solid phase in form of skeleton between the crains of the basie metal

az;l alloy. h

The first two of these methods are conrected with reinfareing by distorting the
cryatalline lattice or by increasing the forces of interatomic reaction in solid sow
F’I’D-M—GZ-].BM‘;Q 1




lutions and the two remaining onss = with the difficulty of sliding by heterogenization of
st'u.étu:e, vhereby the most affective appears to be the forration of skeleton or
Screen of heat resistant phase of the allaye
In metal fusions (alloys) the strorgthening effeet of lattice distartion with a
rise in temperature weakens as result of rise in the nobility of atoms and developmon$
of diffusion processes, leading to the remowval of the stre:ced stats or to ordering
the structure of solid solutions,
In case of skehtgl ngtt;re of forration of a strengthening phase there is a reduc-
t:!.on in atrexfgth upon heating vhi;:iz is due to the rise in solubility of thi%phau
‘Ln basic allay,.
| From the view point of theze heat resistance princijyles are hipghly interesting
metal-like campounds, 8 considerable jart of which is either constructed by the type
‘of introduction phases, o contain structural elements,distorting and reinforeing tl;o

1

crystalline lattice,

i

Carbides of a series of tr.ansient metals represent typical phases of iniroduction,
l1..‘9.'J.at1:i.¢:os of metallic atams, in the pores of vwhica are introduced metalloidecaxdon
atcms (fig.1), with the adherence to metal athan and netalloid radii Rps Ry, 40459 o
| An analogous structure is also possessed by rany nitrides. It is appareat,that
the introduction of carbon atams into the pores of metalllc cells as well as the for-
mation of carbon atcm chains (for exanple, in chromium carbides) leads to the harde
ening of crystalline lattice anl hempering of displacement deformation,
3crides of transient metals accarding to Yd.esling(B] are caaracterized by strong
Ibcnda between the boron atoms, whereby these bonds became sirengthened with an in-
xc:t'ease in baron content in boride phases. and so, in MehB and ley type compounds the
'hu'on atons are isolated fram each othér. in l'eB caanpounds are formed zigwzag like
single chains, in MsBBh - binary chains, in MeR,~(figs2) screens and, finally, in
2-7434.1\:586 and MeBjo canpounds - a three dimensional lattice, in the pores of which
are situated metal ataas, Farallel with the complication of structural elexments
FTD=TT-62=18}1/142 2




consisting of baron atoms, bound by sirang covalent bonds, thsre is a rise in tho sireng.

thening. of the lattice,
: ' . '

HCSTO NI

]

'
FigeleIntrcduetion phases with dense Fige2eStructural elezents of borén atoms
cubicel packing of metallic atanss l-atamns in lattices of boridess a=isolated boron at anms
of metal; 2~carbon or nitrogen atoms, (MesB barides); b=chains of baron atoms

! (MeB); c- doubled boron atom chains (Ms,Ba) ]
| d)screens (MeB, barides).

Silicides of high melting transient metals.formed no longer by the principle of
introdustion but by the principle of replacing metallic atams of silieanf}] .

Formatlon of grarhite-liks flat layer of silicon atoms in structures of many silis
cides (fig.3) lcads to their low resistance to deformation, low hardness, low moltiﬁg
points ete, as compared with carbides, borides and nitrides. In this wayy,eilicon at;ms
either weakly strengthen or even somewhat weaken the latiices of basic mtals: This
waakening appears, e.ge with a reduction in m;alting point of the metals during the |
formaticn of silicides by 1,2 t0 1,8 timess but the simulianewus rise in hardness
results in the formation of quite strong ﬁonds tetween the atams of metal and silicom
in their layers.

o The presence of introduced atams, siructural elements from metalloid atoms ete,
in carbides, nitrides, borides and silicides should hamper the development of sliding
processes, whereby it is considerably more effectivey.than, for example, the forma-
jion ot 80144 solutions or presence of lattice distortions in pure metals, where, as

was pointed out, these siresced states can be relatively easily liquidated by diffu-

FTD=TT=62.1841/142 3



:aion proce:ses,
" In metal-like campounds heterogencities

in tﬁo sca;.e 02 the elemtary micleus can '

be reduced by raising the temperature bnti
énJy to suech a degree, in which the bonds
between metal atoms and metalloids weaken (1,04

the strecsed state in those phases is not
removed all the way to mlting).ﬂ_u See attached page 4a for Figure 3
| v [ R

. It is known,that the maximm value of '
i

critical shearing siress,determining the
resistance of the crystalline body to rlasiie .

deformation and to a known extend also

its hardbess,constitutes theoretically !

' Fige3eStructural elements from silicoz atoms
about 0,1 of the displacement rodulusysand in silicide latticess a=~rraphite-liks

. trickles of silicon atc: 33 bedittog,but cen
practically = not more than mundreds and  tered by metal atoms; c= dieamcnd like corrm

“ gated silicon atam scxgens,

1
thousands of fractions,The hardness/shear
coefficient ratic . for this reason can serve as a measure of strenpgthening the metal

or allay under given conditionst, :

f For example, according to Ya,S,Umrnskiy for low melting alloys (capable of weaken-
4ng in the process of plastic deformation at room temperature) the hardness ratio of
maximm strengthensd alloy to shear coefficiont of basic metal varies between 0,52 to
0.53, and for alloys with melting points of over 1300°C it rcaches up to 0,082 0,088,
Analogous Hys G ratios, i.e. where Hyj - microhardness in ke/mi®yhave been calcue

latod by us for a series of carbides and borides (_jam are 1istod in tadle 1
l ‘
The Hyt G ratio, i.eethe degres of strengthening.drops with a decrease in intere

1, B Rovinskiy (5] on the vasis of analyzing exporimental data showed, that hardness
of annsaled metal Gfpends linearly upon the square of the elasticity modulus,and con~
sequontly, also the shear coofficient, Deviation from this dependence should, in this
vay, serve as a measure of nonequilibrium in the state of motallic lattice,

FID-TTw621841/142 4
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atande reaction forces from 0,263 for TIC to 0,079 far WG,

“nble 1l.,Cazparison of shear modulus and rdcrohardness of metalelike

conpounds
1) Compound 2) " 3)Campound 4¥) Hso
Carv
- 2 . _3 : . ¢
e . oge | - ' - o
M = e | MO WML
: . ] o - M 1wz
ZrB, - 0,183 v 007 -

. veo .l oxo - w

The latter value is "clos; to su'ch. for ‘ordinary hi'g&'melt.in'g netals anl allovseand

for rems.n.ng netal=like ;hases by 2~} times higher, than for high melting,maximum
s..rengﬂ:aned nctals, wvhich indicates a considerably (reater strengthening potential
of these rhases as canpared with metals, which, in s;ite of the difficult sliding as
result of ataa introduction effect, is explained, (and this appears to be most impor.-
tant) by greater forces of interataxic bond of these campounds, This is evident by |
the greater irportance of nﬂ.crohardne;ss numbers of metal-like phases (table 2) ,which
.are on an average by an order greater,than for corresponding metals, and high melting
ooints,

Calculation of energy of crystalline lattices for a series of metal-liks compounds
by the use of the method, introduced by I.S.Sarkisovtl] with consideration of parti-
ciration in the bond, in addition to s~-, also of d-electrons of the metal [6_] shows
(table 2), that these values are of the order- of magnitude of 103kca)./mol. which ex-}
plains the high chexdcal strensth of these phases, their greater hardness and high
degree of strengthening, expressed by the HyiG ratioe

It can be seen that maximm bond energy is possessed by carbides and nitrides
Afxd lower one = by barides,

. 'Ihe hardn.ess of metalelike ccmyounds does not follow p:\rallal. vith the chango

-4n dond’ emrgy. and dependa substantiany upon the structure. For exmnplo. if thc

energy of interatadc reaction in 'oorides is close to such in carbides (ratio UpraBp 8

Uvec D 0e8)y then the greater difficulty in shear deformaticn, ceused by the

FTD=1T=621841/1¢2 5
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strencthem.ng effect of structural borcn atan elements in boride lattices,leads to
tho point. that they are harder than the carbides, If the energy of-boride lattices
1s eonaiderabw lower than such for carbides, thea the strutural factox is in no posi-
tion to canrensate the reduction in interatonic bond and thc weekcning of the lattice,
In this case the hardness of barides is lower than the hardness of carbides, In nitri-
des the hardness, as a rule, is lower, than in carbides and borides,

The high energy of interatanic reactiom in metalelike compounds promotes the
strengthening state of these phases to very high terperatures, clossc to melting points,

A characteristic feature of metal-like compounds appears to be brittleness 2nd low
fesiltance against thermal inmpact, which sharply reduces their effective strength and
limits their application in role of siructural materials,
’ In report[Bﬁ] wo have yshown.that vory strong interatanic bonds lsad to conaidol."-
able reduction in the ebility,of crystalline lattices of motal-like phases,tovard re-
llmtnti.cm of elastic stresses durinz mechanical siressing of objects frca these substances ,
This causes localization of siresses on microdefects in the zone of stressing and the
formation of eracking sources, Further concentration of siresses on these sources leads
‘to their prcgressivé develomient and tcward r;ap:m destruction of metalelike bolies, |
bearing the nature of *brittle fracture ®e ‘

In the role ol measure of ability of solid compounds toward the relaxation of
elastic stresses can be considered mean s:paré digplacerents of centers of siructuvael
sal complexes in the lattices of these ccll;ounds[?]. czleulated by clastic constants,

Heat resistance of brittle solid bodies should to a considsrable degree depend
t'lpon the changs in amplitude of thermal oscillations of atoms with temperature,
In table 3 are ,g;lven RbB di~placements of structural camplexes for certain com.

PWs.cachlated fron em*imental valuea of l_noar e:'yansion coelficients of porelesl

sarreles at two tamperatures, hence it is eviden heat resis‘:anco ‘of carbide (molybdo- .

nmu carbidc) should, at other corditions beirg equal. exceod ‘he Jheat reniatmce of other ‘

carbides,1isted in the toble,

FTD=-TT=62=1841/1+2 6
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Table 3¢ Change in RMS displacement of siructural complexes
of metal=like phases with temperature

- - - - T

e | WV, — ), [aanerxaos
—_— . apn  20°C tapu1000°C 1 5 T e
ot " _al —

1c <+ 0067 . 4. o187 " | 0,120 L

i1c . 0074 - 0168, -0092 . o

soc|. ooss f:' oo ] .. 003 Y 3 )
WC 0058 Sooam. | ooz6 . |11 :
W 10062 . .| - .07 - 0085 - | -89

T 0073 - | % 0178 0,105 02 -

zg. oor2: - | " 0n3. 0071 . 12 |
VB 0,083 . 0158 . 0075 I8 .
Tab, 0079 © 0150 1 0071 2 ‘

Zirconiun braxide, arparently, should be mmch more heat resistant, tlmn-carbide;
and this explains the fact,why the latter found no preat applicaiicn in refractory
raterials,while boride 13. being widely used for the very same purpose in 'boronte';
type canpounds, Titandiun boride should have a much lower heat r istanc%and. as is
inown, it has no great application in the role of refractoary matcrial, By the inten:-

8ity of the originating thermpl stresses titanium carvide and borides 2r, V and Nb
are rost likely close to each other, L .
A ctmge in oscillations amplitude of structural complexes with temperature is
cornected with their rass and force of interataic reaction, decreasing with its increass,
But the very force of interata:ic reaction' generelly decreases with a rise in mass of
the le=X camplex, le.eethere is a rise in the.shielding of unfilled d=shell of the
neta_].. building special rroperties of metal-like ocompounds,
It can be expected,that the least change in RMS displacements of structural com=
Plezes in relation to temperature,will gharaqte':izg ibyTayCr and Mo compounds having
: mufficien tly kigh atonic mass and not too str@ scfeéning’l of the d-shell, vhich is
I;—vi“d:nﬁ frac canparing the energies of crystalline lattice$ of metal=1ike cmﬁ;wnd‘l.
An inportant quality of heat lresis’canft mterial sppears to be the coefficient
of linear exparsion and the nature of its change with texperature, Ths reater
value of the latter, ap;arently,offers a greater probability for the origination in
FID=TT=62-18/1/142 "8




the W of therral stresses of microscoric nature and irrecular distribution of neme
|

due to the Iresence of defects in the body, It should be mentioned however, that direot.
J,v fram the value of thermal linsar expansion coefficient it is impossidle to deter-

mino the magnitude of thermal stresses,ariginating in the crystalline lattice of the
}

botye

'

In table 4 are givea values of linear expansion coefficients of a nusber of metale
lika campounds at 200 ¢nd at 1000°c-chan¢;e in percentages. and in figel-the temperature

de';endence ths dependence of the lincar expansion coefficiont.

' :
¢ can 'be expected from these data that carbide objects should be more stable agpinst
thermal inpact, than boride objects, in spite of the fact that the value of thermal

See page 9a for Figrue 4

.‘ Fic.leTomperature dependence of thermal
for ZrB,, VB and TaBp 1s lower than for expansion coefficients of metal-like corjpoundse

of thermal strcssesyas it aPpears in figel

ZrC and TipC. In practice borolite objects (ZrB, with bundle (10,11)) are more heat .
]
rosistant than from TEC and even ZrC, but objects made of TiC base alloys do much exceed

the heat resistance of TiB, ~base alloys. The high heat resistance of chromium boride

is knownEZJ .

That is why the thermal coefficiont of linear expamsiom appears to be a lesa re.

[

liable characteristics for evaluating the intensity of thermal stresses in a crystalline

) I
lattice than the RIS displacement (shear) values of structural camplexes,
|

¥ith the increase in porosity of saiples the decree of rise in thermal coefficient

1

of 11.1.:e.ar expansion with temperature incrcases.We have here, naturally, an in'creau
.’:.n irregularity in deformation distribution over the sample, on account of which there
eanld appear additional thermal stresces of macroscopic nature,althoush the intensity
orr ..tresses. acting in the volume of the elementary nucleus,remains unchamged (or
“piracti:callqr unchanged) with thc change in density of tha sampl_e.' From this viewpoint
vhen n;amfacturing boundless refractory objects preference should be given té pore=

lecs items, especially since there is a substantial rise in resistance to gaseous

FID=TT-62-1841/142 9
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.con:o;i'm and in the strength of objectse But an increase in the density of the objecs
together with a ceriain reduction in therrel siresses should considerably reduce the
gbility of the objoct in scaitering the ariginating stresses on macroscopic scale,which
Ifor metal=like ccmpounds is of first lino importance beceuse of their insignificantly
j].Od plasticity resourece,

Table jeDependence of thermal expansion coefficient of netal-liks campounds
| upon temperature

. . .

i) Pase 2)Thermnl expansicn cooffe 3) Rice in thermal coelf, 4) Increase
10 in range of 200-1000° in X
: at 2008 at ~ 900°
e 2 PR
e . e 73 . 826 0,96 132
| Aoe ) & BB
( MeGa 445 5.1 065 148
oo v 34 4,72 132 0 ¢
. " 'TiBy o 565 82 255 452
, S 445 219 s
! 52 15 223 24
; - TaBy 51 0 19 ns -

The lower the intensity of thermal stresses in the crystallinc lattice of the sud-
stance and the greater the dispers.ibility of the latilce with respect to elastie
stresses, the denser should be the object,made fram this substances

Important qualities of metal-like cctpounds as refractory raterials appear to be.
their melting points, These campounds are very high nelting, whereby their malting ,
point, as is evident fram table 2, rises with the increase in the mumber of the metallic
| campenents in the group, just as it is Zor pure metals, which points toward the
greater role in the heat resistance of these compounds of metaleretal bonds and rass
lof structural complexes,

Taking into consideration the above described qualities of metal-like ccmpounds,
it should be concluded, that for effective utilization of same in role of heat
resiste;nt raterials it is necessary to obtain compounds,possessing not too hich inter.
atorde reaction forces ard si-mltanecusly not very high mass of siructural canplex,

videh will increase the ability of these substances toward relaxation of elastis

FTD-TTw62-1641/142 10




e

_afrea&u. r;dﬁ;e their brittleness and raise the resistance to thermml impact, 1.6
will allow a more thorough utilization of the hich potential strength of matal-like
:ocnpanda. ' o

‘ For the realization of other princiral possibilitios of rrepering refractory ale
flays- by separating finely dispersed structural caxponent or formation of a honeycomd
'(skohtal). structure~ it i3 necessary to make a thorough invectigation of phase dia-
‘a:ams of corresroading systems of metal-like campounds, especially with small chmge

‘1n solubility in solid‘sta'te—- witﬂtempérai.:ure; 1;0. with sloping curve of solubility
!boundary. In.the role of an example it is possible to bring forth alloys of the ZrBy=(T4,
Or)By prafilr, investicated by K.I.Fortnly and ome of the autharsi].

| The application of this peinciple $o a greater number of objects will allow,
ovident]:, to reach ths obtainmmant of alloys, capable of withstanding considerable
lons lasting loads at hiszh temperatures, We speak here of alloys without netallie

y

bundles, widch is highly important in this respect, that the budle adds ordinarily, in -

addition to a rise in strength, a whole series of negative factor, such, as increased
oxidizability, creepability, low natural heat resistance,

! !
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